The growth-form composition of grazed and unburnt, grassy forest remnants and ungrazed, frequently burnt, anthropogenic native grasslands in Gippsland, Victoria were compared, using a multivariate, clustering analysis of the growth-form and life-form attributes of 53 forb species. Groups comprising (1) annual forbs, (2) clambering, repent and decumbent perennials, and (3) rosette perennials and rhizomic ground-cover forbs occurred in significantly more forest than grassland quadrats. One group, mostly containing tall erect geophytes with linear basal leaves, occurred in significantly more grassland than forest quadrats. Grassland quadrats contained significantly more tall forbs (> 20 cm) than forest quadrats, whilst forest quadrats contained significantly more forbs of short to medium height (< 20 cm). There was a significant, positive correlation between plant height and frequency of occurrence in grassland quadrats (r s = 0.58, P < 0.001), and a significant, although weak, negative correlation in forest quadrats (r s = -0.29, P < 0.05). Short forbs are likely to have been depleted from grassland sites owing to competition from the dominant tussock grass, Themeda triandra Forsskal. By contrast, ground cover in forest sites is of relatively low stature, biomass and cover, allowing short forbs to persist. The relative paucity of tall forbs from forest remnants is suspected to be at least partly due to intensive stock grazing in the past.
Introduction
A central aim of plant ecology (and biology in general) is the identification of repeatable patterns in the distribution and behaviour of organisms, from which we can predict and explain responses to environmental variability and change. This objective is achieved by focusing on organism or ecosystem traits, from which general theories can be developed which transcend regional or taxonomic perspectives (e.g. Grime 1974 Grime , 1979 Southwood 1988; Keddy 1989) .
The impact of European management on the floristic composition of remnant grassy forests and anthropogenic native grasslands on the lowland Gippsland plain, in south-eastern Australia, has been described elsewhere (Lunt 1995a (Lunt , 1997a . Both types of remnants are assumed to have been derived from the same, grassy forest ecosystem prior to European colonisation, but an ongoing process of species segregation, in response to sustained differences in management practices over 100 years, has led to the development of different species associations in grassy forests and anthropogenic grasslands (Lunt 1995a (Lunt , 1997a . These patterns of land use and vegetation response may prove applicable to lowland grassy ecosystems throughout much of south-eastern Australia (Lunt 1995a) .
The floristic analysis presented earlier (Lunt 1995a (Lunt , 1997a provided detailed data on species-specific responses to long-term management. In this paper, a broader interpretation of the floristic data is developed, by analysing life-form and growth-form attributes of common ground-stratum forbs in grasslands and grassy forests. Similar analyses elsewhere have provided valuable frameworks for interpreting and predicting plant responses to environmental features and management activities (e.g. Grime 1974; Friedel et al. 1988; Montalvo et al. 1991; Diaz et al. 1992; Fernandez Ales et al. 1993; Golluscio and Sala 1993; McIntyre et al. 1995) . Two specific questions are addressed: (1) do ground-layer plants in forest and grassland habitats have different growth forms or life-form characteristics; and (2) can growth-form spectra be used to develop hypotheses for explaining present-day patterns of plant distributions in grassland and forest remnants?
Materials and Methods

Study Area
The vegetation, seedbank and management history of anthropogenic grasslands and grassy forest remnants on the lowland Gippsland plain in eastern Victoria are described in detail elsewhere (Lunt 1995a (Lunt , 1997a (Lunt , 1997b . In brief, grassy forest remnants are usually dominated by Eucalyptus tereticornis, with an understorey dominated by the grasses, Danthonia and Stipa species, Microlaena stipoides and Themeda triandra, with a variety of forbs. The tall sedge, Gahnia radula is abundant on sandy soils (species nomenclature follows Walsh and Entwisle (1994) for monocotyledons and Ross (1993) for dicotyledons). Grassy forest remnants have rarely been burnt, and have been logged and grazed by stock at varying intensities in the past. Most are grazed by native herbivores.
By contrast, anthropogenic native grasslands are dominated by Themeda triandra, with conspicuous flowering displays of native daisies, lilies and orchids (Lunt 1994 (Lunt , 1997a ). This association is restricted to small sites, ungrazed by large herbivores, mostly along rail-lines, but also in some cemeteries and roadsides. Trees were removed from most sites last century, and their re-establishment has been prevented by regular burning on rail easements, perhaps as often as every 1-3 years, for up to 100 years (Lunt 1995a (Lunt , 1997a . Regular burning is required to maintain plant diversity, as the dominant grass, Themeda triandra, rapidly outcompetes inter-tussock forbs (Stuwe and Parsons 1977; McDougall 1989; Lunt 1994; Tremont 1994) . Hereafter, these two associations will be referred to as 'forests' and 'grasslands' for brevity.
Mean annual rainfall ranges from about 600 mm to 800 mm across the region, and tends to be uniformly distributed throughout the year, with a slight peak in spring (Aldrick et al. 1988) . The underlying geology is of Pleistocene and Recent alluvial deposits of gravel, sand, silt and clay, overlain in places by aeolian sand sheets (Aldrick et al. 1988) . Both anthropogenic grasslands and grassy forest remnants occur on a wide range of topsoil textures, from sand to clay, at different sites across the region (Lunt 1997a) .
Structural Profiles
Structural profiles of the herb layer in representative grasslands and forests were obtained from a point quadrat transect in three rarely burnt forest sites and three regularly burnt grasslands. At each site, point quadrats were sampled at 10 cm intervals along a 10 m transect, giving 100 points in total. Point quadrats were measured with a 4 mm diameter wire, which was marked in 1 cm units to measure plant height. The height of all contacts of the vegetation with the wire was recorded. The percentage cover of plants, bare soil, dead leaves and bryophytes were calculated for each site, as was mean cover repetition (the average number of vegetation contacts at each point quadrat), and a profile diagram was derived to illustrate vegetation structure. Point quadrat data are not analysed statistically, as the sample sites were not selected randomly.
Growth-form Characters
All native and exotic forbs which occurred in significantly more forest than grassland quadrats, and vice versa, and all widespread forbs that occurred in more than 40% of all quadrats, were selected for analysis from the vegetation survey dataset in Lunt (1997a) . Of the 53 species examined, 27 occurred significantly more frequently in forest than grassland quadrats, 17 occurred significantly more frequently in grassland quadrats, and nine were common in both ecosystems.
Growth-form characters were measured from a randomly selected specimen of each of the 53 species, collected from grassland and forest sites in spring 1992. Attributes were restricted to readily observable morphological characteristics of vegetative, flowering, shoot and root material. A simple life-form classification was also used, with species being identified as either annuals, biennials, non-geophytic perennials or geophytes. Nine growth-form characters plus life form were scored for each species (Table 1) . Each character was then divided into a number of binary options, with ordinal and Growth Forms of Grassland and Forest Forbs . To identify groups of morphologically similar species, the species × attributes matrix was classified using the hierarchical, agglomerative, flexible unweighted paired group arithmetic average (UPGMA) procedure in the PATN package (Belbin 1994) , with the Czekanowski dissimilarity co-efficient and default value, β = -0.1. For brevity, the species groups obtained are referred to as 'growth-form groups', even though they are classified on the basis of growth-form and life-form characters.
Habitat Associations
Associations between growth-form groups and habitat type (grassland versus forest) were examined using quadrat data from a regional survey of grassland and forest remnants (Lunt 1997a) . The non-parametric Wilcoxon signed-ranks test (Sokal and Rohlf 1981) was used to assess differences in the percentage frequency of occurrence of growth-form groups between forest and grassland quadrats. Heights of flowering grassland and forest forbs were compared by assigning each species to one of five height classes: < 5 cm (very short), 6-10 cm (short), 11-20 cm (medium), 21-30 cm (tall) and > 30 cm (very tall). The average number of species in each size class in forest and grassland quadrats was compared using Wilcoxon two sample tests (Sokal and Rohlf 1981) . Correlations between plant height and frequency of occurrence in grassland and forest quadrats were assessed using Spearman's coefficient of rank correlation (Sokal and Rohlf 1981) .
Results
Vegetation Profiles
The vegetation profiles from the point quadrat data illustrate dramatic structural differences between the ground-layer vegetation of forests and grasslands ( Fig. 1 , Table 2 ). Percentage ground cover exceeded 95% at all three grassland sites, even though all were burnt within the previous 9 months. Nearly all of this cover was attributable to the dominant grass, Themeda triandra. Ground cover at forest sites was more variable, from 38% in the driest site at Briagolong to 83% at the moist, shaded Providence Ponds site. Cover repetition was much greater at all grassland than forest sites (Table 2) , particularly below 20 cm height ( Fig. 1) . All of the tall plant contacts at the Moormurng forest were with the dominant, tall, rhizomic sedge, Gahnia radula. Ground-cover plants in the Providence Ponds forests were heavily grazed by native marsupials, forming a 'grazing lawn' dominated by Microlaena stipoides and Danthonia racemosa. Thus, the ground vegetation in grassland sites was characterised by greater cover than the forest sites ( Fig. 1 , Table 2 ). By contrast, the forest soil surface was covered with eucalypt leaf litter, with a small proportion of bare ground (Table 2) .
Growth-form Groups
The UPGMA classification was truncated at the eight group level, since beyond this point small changes in the cut-off dissimilarity level resulted in large changes in the number of groups produced, many of high internal heterogeneity (Figs 2 and 3). The most distinctive, higher-level species-groups, recognised at the three group level (Fig. 3) , were: (1) small, branched annuals; (2) a heterogeneous group of predominantly non-geophytic perennials, and; (3) erect, tall perennials with long, linear leaves, most of which were geophytes. Annual species possessed the most homogeneous growth-form composition (Fig. 3) , although this apparent similarity is probably an artefact of their small size relative to the measurement intervals used (Table 1) . Characteristics of the growth-form groups recognised at the eight group level are displayed in Table 3 .
Habitat Preference
Three growth-form groups contained too few (< 5) species for statistical comparisons of habitat preferences. Of the remaining five groups, three showed significant preferences for Growth Forms of Grassland and Forest Forbs Fig. 1 . Structural profiles of the ground-layer vegetation cover at three grassland and three grassy forest sites. forests (groups 1, 3 and 6; Table 4), and one for grassland habitats (group 7). Thus, forest sites contained significantly more short annuals (group 1; Table 3 ); clambering, repent and decumbent, non-geophytic perennials (group 3); and short, prostrate or decumbent, rosette and rhizomic species (group 6). By contrast, grasslands contained significantly more erect, medium to tall (10-30 cm) geophytes with linear basal leaves (group 7). Forest quadrats contained significantly more forb species of short and medium height (height classes < 5 cm, 6-10 cm, and 11-20 cm) than grassland quadrats (P < 0.001, Fig. 4 ). By contrast, grassland quadrats contained significantly more tall forb species (height classes 20-30 cm and > 30 cm tall) than forest quadrats (P < 0.001, Fig. 4) . Forest quadrats contained a greater evenness of height classes than grassland quadrats, with similar numbers of forb species in all height classes between 5 and 30 cm, whereas grassland quadrats contained a peak of forb species in the 21-30 cm class (Fig. 4) . A significant positive correlation existed between plant height and the number of grassland quadrats from which a species was recorded (r s = 0.58, P < 0.001, Fig. 5a ), with most small forb species occurring in few grassland quadrats. By contrast, there was a weak, but significant, negative correlation between plant height and the number of forest quadrats from which a species was recorded (r s = -0.29, P < 0.05, Fig. 5b) .
Discussion
These results demonstrate close associations between plant growth-forms and habitat occupation. Associations between plant height and frequency suggest the existence of ecological processes which could not easily be identified from floristic analyses alone (Lunt 1997a) . Forest and grassland sites are assumed to have supported the same grassy forest ecosystem prior to European colonisation, and to now contain segregated subsets of the original flora, as a result of 100 years of divergent management (Lunt 1995a (Lunt , 1997a . Grassland sites had trees removed, are regularly burnt and rarely grazed, whilst forest sites are intermittently grazed at varying intensities and rarely burnt. The growth-form analyses show that species with similar morphologies and life forms tend to occur in the same habitat, which would suggest that similar ecological mechanisms, acting upon readily observable growth-form or life-form traits, contribute to the current patterns of species distributions. Plant height is often a very plastic characteristic, and may vary under different environmental conditions (Harper 1977) . Intra-specific differences in average plant heights between grassland and forest habitats were not assessed in this study. However, few obvious differences were noted during extensive field work in both habitats (Lunt 1994 (Lunt , 1995b (Lunt , 1997a (Lunt , 1997b , and any differences are likely to prove relatively minor compared to the substantial differences between plant species.
A major difference in the growth-form composition of forbs in grassland and forest sites is the paucity of short forb species in grasslands (virtually all of the low plant cover illustrated in the vegetation profile plots (Fig. 1) 
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Height class (cm) associated forbs). A number of growth-form groups of diverse life-forms and architecture contained short forbs, including annual species and prostrate, decumbent and rosette-forming perennials. Given the diversity of growth-form architectures of short forb species, it seems likely that the selection pressure against short forbs in grasslands is a direct selection against low height. Grassland sites are dominated by the native perennial tussock-grass Themeda triandra, which is strongly promoted by frequent burning (Groves 1974; Lodge and Whalley 1989) . Themeda triandra resprouts rapidly after burning, and can attain almost 100% ground cover within 9 months of fire. Plant biomass accumulates rapidly: at two sites in Gippsland, almost 100 g m -2 was attained within 6 months, and 450-480 g m -2 within 2 years of burning (Lunt 1994 (Lunt , 1995b . Light levels below the dense grass canopy are extremely low; at one site, less than 4% of incident sunlight reached ground level beneath the closed grass sward, just 20 months after burning (Lunt 1995b) .
Strong asymmetric competition from the dominant grass reduces plant diversity in Themeda grasslands, and frequent burning, grazing or cutting is required to promote regeneration, flower and seed production, and survival of smaller native herbs (Stuwe and Parsons 1977; McDougall 1989; Lunt 1994; Tremont 1994 ). Tall stature is widely recognised as a critical adaptation for persistence in productive, competitive, herbaceous ecosystems (Grime 1974 (Grime , 1979 Givnish 1982; Mitchley and Grubb 1986; Mitchley 1988 ), owing to a rapid diminution of light levels with increasing depth beneath a closed grass canopy (Mitchley and Willems 1995) .
Short forb species (both annual and perennial) are likely to have been depleted or eliminated from regularly burnt, ungrazed grassland sites owing to competition from Themeda triandra during inter-fire periods. If correct, this hypothesis suggests that the depletion or elimination of many forbs from frequently burnt sites may largely reflect strong, inter-specific competition between fire events, rather than being a direct negative impact of frequent burning per se. Short fire intervals are likely, however, to have strongly disadvantaged some shrub and tree species (not studied here) which are more abundant in forest than grassland sites (Lunt 1997a) , and which require a longer period to flower and set seed. Annual species may also have been adversely affected by frequent seed losses due to incineration, although large populations of annual seeds can survive fires in Themeda grasslands (Lunt 1990) .
Forest sites are rarely burnt but have been grazed by stock at varying intensities throughout the last century, and many are grazed by native herbivores. Soil moisture levels are lower in forest than grassland patches (Lunt 1997a) due to transpiration by dominant trees, and a tall, closed, grass sward rarely develops. The abundance of short forbs in forest remnants may be readily explained by the lower intensity of asymmetric competition for light from perennial tussock grasses (Givnish 1982) , which tend to be smaller and sparser in forests than in grasslands.
The paucity of upright tall forbs from intermittently grazed, rarely burnt forest sites is less easily explained. All of the common tall forbs in regularly burnt grasslands are assumed to have existed in most (if not all) forest sites before European settlement, but have somehow been depleted over the past 100 years (Lunt 1995a (Lunt , 1997a . The paucity of tall forbs in many forest remnants may reflect periods of intensive stock grazing in the past, since stock grazing has been excluded from most forest sites only in the last 10 years (Land Conservation Council Victoria 1982 , 1983 . The contrast in growth-form composition of grassland and forest sites strongly resembles the effects of increasing grazing pressure, including a greater richness of small annuals, low rosettes, and ground-hugging rhizomic forb species in grazed forest sites, and greater number of tall erect forbs in ungrazed grasslands (Moore 1962 (Moore , 1964 Heady 1966; Noy-Meir et al. 1989; Belsky 1992; McIntyre et al. 1995) . The greater evenness of height categories and diversity of growth-form groups in forest than grassland sites, accords with other studies in which light grazing has been found to promote a greater diversity of growth-forms than total grazing exclusion (Noy-Meir et al. 1989; McIntyre et al. 1995) .
Interestingly, geophytes were far more abundant in grassland sites than forest remnants, whereas two recent studies found that geophyte numbers showed little response to grazing (McIntyre et al. 1995; Pettit et al. 1995) . However, some geophytes, including the orchid Diuris punctata (here totally restricted to grasslands) and the lily Bulbine bulbosa (significantly more abundant in grasslands), are highly sensitive to grazing (Leigh et al. 1987 (Leigh et al. , 1991 Prober and Thiele 1993) . Leigh and Holgate (1979) described a massive reduction in the flowering of geophytic ground orchids (Diuris and Caladenia species) as a result of native mammal grazing in a grassy, dry forest.
An introduction experiment with the tall geophyte, Bulbine bulbosa, showed that seeds germinated and seedlings established successfully in all but the driest forest site (Lunt, unpublished data) . Moreover, seedlings grew faster and larger in one forest site (where the species was absent) than in grassland sites where it was present. As yet, no plants have flowered in forest or grassland sites. These early results would suggest that the absence of this grassland-preferential species from at least some forest sites is not due to unsuitable environmental conditions (Lunt, unpublished data) . Instead, unsuitable management in the past, especially grazing, would seem a more likely reason for its absence from many forest areas. Given the range of overlapping management and ecological factors operating (fire, grazing and tree cover), it is not possible to attribute these growth-form differences between grasslands and forest patches solely to grazing, although it seems likely to have played an important role.
Multivariate Species Analyses
Many recent studies which have used multivariate analyses to identify plant groups on the basis of individual traits have noted the wide diversity of forbs, both morphologically and ecologically, and the difficulty of obtaining distinct species groups (Leishman and Westoby 1992; Golluscio and Sala 1993) . Leishman and Westoby (1992) found it impossible to sub-divide perennial forbs into smaller, discrete groups, and most studies have distinguished broad groups only, such as distinctions between annual and perennial forbs (Montalvo et al. 1991; Diaz et al. 1992; Leishman and Westoby 1992; Golluscio and Sala 1993; Kindscher and Wells 1995) ; species with different seasonal phenologies (Montalvo et al. 1991; Golluscio and Sala 1993; Kindscher and Wells 1995) ; legumes versus others (Kindscher and Wells 1995) ; prostrate, stoloniferous species versus rosette plants (Diaz et al. 1992) ; or palatable versus unpalatable species (Friedel et al. 1988) .
The species groups recognised here correspond most closely with those recognised by Diaz et al. (1992) . Both schemes discriminate annual species (group 1: Table 3 ); prostrate stoloniferous plants and rosette plants (together in group 6); and small to medium size graminoids (groups 7 and 8). The growth-form groups which would result from truncating the dendrogram at the five group level (Fig. 3) accord closely with the 'species modes' recognised by Diaz et al. (1992) , i.e. non-rosette annuals (group 1), medium to tall (10-30 cm) perennial forbs (groups 2 and 3), ground cover rhizomic and rosette species (group 4), and geophytic graminoids (group 5).
Community Analyses
Multivariate growth-form data matrices can be used to classify sites rather than species, to complement traditional, taxonomically based analyses of community composition (Friedel et al. 1988; Montalvo et al. 1991; Diaz et al. 1992) . Such analyses enable the recognition of vegetation types of similar growth-form composition, despite floristic differences resulting from regional differences in the underlying species pool, and may facilitate relatively simple interpretations of underlying ecological processes, rather than more complex, and less comparable, species-specific responses (Friedel et al. 1988) . This type of analysis was of limited utility in this regional context, since it merely distinguished grassland from forest sites (Lunt, unpublished data) . However, the approach holds considerable promise as a supplement to inter-regional taxonomic classifications of grassy ecosystems in south-eastern Australia (e.g. McDougall and Kirkpatrick 1994) . A growth-form classification of grassland, grassy woodland and forest sites across a number of regions could help identify ecosystems with similar (and different) growth-form spectra, despite different species pools, thereby focusing attention on similarities in ecological functioning and management impacts. Inter-regional studies involving large numbers of species might be more efficiently undertaken by grouping species on the basis of single traits (e.g. McIntyre et al. 1995; Pettit et al. 1995) or a priori groups which have been shown to respond to environment or management (e.g. rosette versus upright species), rather than employing multivariate analyses, which require far more data to be collected for each species.
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Appendix. Growth-form attributes for 53 grassland and grassy forest forbs Attribute state numbers follow Table 1 . Asterisks denote exotic species 
